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[57] ABSTRACT 

A process and means for forming or bonding a liner to 
a shell or element wherein the liner is filled with or 
immersed in water and a portion of the water is frozen. 

6 Claims, 4 Drawing Figures 
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as steel, while the inner shell may be relatively thin and 
METHOD FOR FORMING OR BONDING A LINER of a relatively ductile material such as aluminum. 

In order to perform the bonding of the present invcn- 
FIELD OF THE INVENTION tion, the inner shell is slipped into the outer shell. As can 

The invention relates to forming or bonding a liner to 5 be "*? ? * c « te f» cd s 'f™ » £ ?9:. * a «?P . U ^ 
a shell or element . .. space between the layers 12 and 14 facilitates this inser- 

tion. This gap may be about 0.020 inch, but if the gap is 
BACKGROUND OF THE INVENTION larger, the method of the invention need only to be 

Often it to desired to bond a thin liner to the interior {Q scveral to close and efTect ^ 

of a shea Various methods such as sl^ fitting, explo- S xhe fihell ^ liner „ ^ laced between end 

r™^'^^ ^ h ^°7 h8h ^ Plates 16 and 18 of the apparati, By appropriately 
^ese methods suffer from various drawbacks such as adjustin threaded rods 30 ^ d nuts 32 ; ^ 

lack of simphcity, ack of reproducibility and possib y „ b ht mto close ^ to the ends of the P shelI 

inoperabihty especially when used to bond a very thin l5 md ^ ^ end plate a ket 2Q QT n for 

Imer such as a 0.010 mch aluminum Imer mto a steel effecting a leak-tight seal between the end plate and the 

shell. ^ , ' . . liner. By tightening jackscrew 28, pressure is applied to 

Another method, known as hydroforming, is exem- gaskets 20 and 22 through pressure plates 24 and 26 

plified in U.S. Pat. No. 2,633,414 to Boivinet. Here a thereby expanding the gaskets in a radial direction to 

liner is deformed in a shell using a pump to apply fluid 20 more tightly seal with the liner, 

pressure to the shell. This suffers the disadvantage of Cooling coil 34, passing through end plate 18, gasket 

requiring an expensive high-pressure pump. In addition, 22, and pressure plate 26 and sealed to end plate 18 with 

the differential thermal expansion of the material of the tube fittings 36, provides a conduit for the circulation of 

shell and liner is not utilized to increase the bonding refrigerant within the cavity 38 formed by the end 

forces. In use, repeated temperature cycling may cause 25 plates and the liner. 

the failure of the shell-liner bond and their subsequent The cavity is then filled with water through a hole in 

delamination. an end plate and the hole is plugged by inserting a pres- 

sure ease. 

SUMMARY OF THE INVENTION Wato has the unusual property of expanding upon 

In view of the difficulties and disadvantages as noted 30 freezing. As seen in FIG. 4, ice I (that form of solid 

above, it is an object of this invention to provide a novel water encountered at relatively low pressure) has a 

method and apparatus for bonding a liner to a shell. density of 0.92 as compared to that of 1.00 for liquid 

It is a further object to provide a method for bonding water. This means that if a portion of the water in cavity 

or hydroforming without employing a fluid pump and 38 frozen, the pressure will be increased expanding 

its attendant disadvantages. 33 the liner against the shell. This pressure may be in- 

It is a still further object of this invention to provide creased to about two thousand atmospheres before the 

a method of bonding a shell to a liner which is resistant more dense "Uotropic forms of ice are formed, 

to the effects of thermal cycling. Referring now to FIG. 2, it is seen that as refrigerant 

The invention comprises an improved method and " passed cooling coil, ice forms on the 

apparatus for bonding a very thin aluminum or other 40 v***™ of coil causing an increase in pressure and 

ductile metal liner to a steel shell by filling the liner with ^ achy ex P andin S ™ d deforming the liner 14' into 

waterandthenfreezingatleastaportionofthewatcr to ^fVf ^ *7* ^ *\- 

cause a generation of pressure and the deformation of * smta * le . ^ been / ound to be liquid 

the liner into contact with the shell. M mtr °? en ' ft » SUn P le t0 ™* T™? n ° oom P taltod 

■ 45 -. auxiliary refrigeration equipment such as pumps, com- 

BRIEF DESCRIPTION OF THE DRAWINGS pressors, or heat exchangers. In addition, it is felt that 

Other objects and advantages of the present invention !* f 8 ? 8 8 of I" 8 ( ~ I 95 ' C) ' 

•„ . " , u „*" „t: n "j T~ . F /~ ' 7: ice is formed on the walls of the cooling coil and not on 

Sf«2 t P S!T ? -X ^ ? ,f ^ the of the liner. This allows the remaining liquid 
following desertion with reference to the appended M water to ^ omi tIBDmit ^ ressuie to M ^ of 

claims wherein like numbers denote like parts and ^ e 

1 ... A . _ . After the liner and shell are removed from the appa- 

FIG. 1 dlustrates in cross section the apparatus of the ratus and warmed to room temperature, the shell £ips 

m ^°^f, n °/ f g; i u the Imer even more tighUy due to the differential expan. 

FIG. 2 lUustrates in cross section the apparatus ofthe 55 sion of aluminum and steel. This synergistic effectcom- 

W ^ n J?°? .„ ° . S; , , ... bmin B the actions of hydroforming and shrink fitting is 

FIG. 3 illustrates in enlarged cross section the bond- ttot observed in other bonding methods. 

W i?l a - and J# • An alternative embodiment of the method of this 

FIG. 4 illustrates a phase diagram of solid and liquid invention would be to bond a sheath to the exterior of a 

water 60 body. In this case, the sheath is slipped over the body 

DESCRIPTION OF THE PREFERRED m ^ assembly is placed in a closed, water filled 

EMBODIMENT chamber. Upon freezing a portion of the water, a 

squeezing pressure is exerted which compresses the 

Reference is now made to FIG. 1 which illustrates in sheath into contact with the body, 
cross section, the apparatus of the invention prior to 65 

bonding. The apparatus 10 is adapted to bond an outer EXAMPLE I 

shell 12 to an inner liner 14. The outer shell may be Bonding between a generally cylindrical steel shell 

relatively thick and of a relatively strong material such and a thin aluminum liner was attempted by heat shrink- 
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ing. Before the attempt, the steel case had an inside 
diameter of 5.625 inches at room temperature, the alu- 
minum liner had an outside diameter of 5.625 inches 
with a 0.010 inch wall thickness at room temperature. 
The steel shell was heated to 400* F. by placing in a 
furnace to give a calculated inside diameter of 5.638 
inches and the aluminum liner was cooled to — 148° F. 
by the use of liquid nitrogen to give a calculated outside 
diameter of 5.612 inches. It was attempted to slip the 


The ice was then allowed to melt and the apparatus was 
disassembled. 

Upon inspection, the aluminum liner was found to 
have successfully formed to the contour of the steel 
shell. The steel shell tightly gripped the liner during 
repeated temperature cycling from —60* F. to 165* F. 

The various features and advantages of the invention 
are thought to be clear from the foregoing description. 
However, various other features and advantages not 


uuuubiwi ui j.wu iiiviicb. ii was auempiea 10 sup me llwwcv »» v*u«ju» ymcr ituiures ana aa vantages not 
liner into the shell, but the liner was seized by the shell 10 specifically enumerated will undoubtedly occur to 

H*>fnr*» nno tttirsl tn sxha *»«1f i+« ..... : a ttirtc*> VPfCpH in tho or* ao HV**+*il*.*. ...CI I 


before one third to one half its length was inserted. 
Further attempts to insert the shell only caused it to 
buckle and suffer irreparable damage. It was observed 
that this method would be dangerous to personnel han- 
dling the unwieldy and very hot or very cold pieces. 

EXAMPLE II 

Bonding between a generally cylindrical shell and a 
thin alu m inum liner was attempted by hydroforming. In 


those versed in the art, as likewise will many variations 
and modifications of the preferred embodiment illus- 
trated, all of which may be achieved without departing 
from the spirit and scope of the invention as defined by 
15 the following claims. 
I claim: 

1. The method of firmly bonding a relatively ductile 
metal liner to a steel element comprising placing said 
liner and said element in assembled relationship with 


Muiiaiuuuuuijiiuici wcu aiiciupicu vy nyoroiormmg* in — «* "^'"wivu iwouumiup wmi 

this case the steel shell had an inside diameter of 5.635 20 one c,oseIv encircling the other, providing a confined 

I__L.~~ j.1 - 1 • •* i i ..... U/nf^r KtatVl aooinct coirl linar »kat<nnf>n« C ! 


inches while the aluminum liner had an outside diameter 
of 5.625 inches with a 0.010 inch wall thickness. The 
aluminum liner was coated with an epoxy glue before 
being inserted into the steel shell. A bladder was placed 
inside the aluminum liner, and pressurized with gas to 
200 psi so as to expand the aluminum liner against the 
steel case while the epoxy glue cured. A successful 
bond was made, but this bond later failed in thermal 
cycle testing. ^ 

EXAMPLE III 

Bonding between a generally cylindrical shell and a 
thin aluminum liner was performed by combination 
heat shrinking/hydroforming in the apparatus illus- 35 
trated in FIGS. 1 and 2, The steel shell was generally 
cylindrical with a length of four feet and an inside diam- 
eter which varied from four inches to 5.700 inches. The 
aluminum liner had a wall thickness of 0.010 inch and 


the oamp t,P« m i onntn„r oo i i. it u " Z wanning saia aluminum ana said steel shell are urged 


reduced diameter so as to provide a clearance of 0.020 
inch. 

The aluminum liner was inserted into the steel shell. 
The open ends of the cylinders were plugged and the 


water bath against said liner, thereafter initially freezing 
(at least) only a centra] portion of said water bath while 
so confined to thereby increase the pressure of periph- 
eral portion of unfrozen (said) water against said liner 
and plastically deform the liner into firm engagement 
with said steel element, whereby said increase in pres- 
sure is transmitted uniformly through said peripheral 
portion of unfrozen water. 

2. A method of bonding a thin aluminum liner to an 
outer steel shell comprising providing a steel shell hav- 
ing a first interior cavity, placing within said first inte- 
rior cavity a closely fitting aluminum liner having a 
second interior cavity, filling said second interior cavity 
with water, initially freezing (at least) only a central 
portion of said water to cause an increase of pressure in 
peripheral portion of unfrozen (said) water thereby 
forcibly plastically expanding the aluminum liner into 
firm engagement with the steel shell, whereby upon 
wanning said aluminum and said steel shell are urged 


r, , „ * — r--oo~~ **•>' ». i iic memo a oi 

assembly was clamped between two end plates. The 45 to about 2 kilobars. 

f ntamn. — C *1 1 . _ • 1 • • .... 


of aluminum and steel. 

3. The method of claim 2 wherein said aluminum liner 
is generally cylindrical and about 0.010 inch thick. 

4. The method of claim 2 wherein said pressure is up 


interior cavity of the aluminum liner was filled with 
water before the cavity was hermetically sealed. Liquid 
nitrogen was passed through a copper coil immersed in 
the water to cause a portion of the water to freeze until 
the internal pressure was observed to reach 1000 psig. 50 


5. The method of claim 2 wherein said freezing is 
performed by refrigerant means immersed in said water. 

6. The method of claim S wherein said refrigerant 
means comprises liquid nitrogen. 
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